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Abstract
Decay of Bs meson into the dileptonic channels of e
+e− and µ+µ−
are suppressed in the QCD corrected standard model due to the vector
and axial nature of the coupling to lepton bilinears.We show that
in SUSY theories with large tanβ, contributions to the amplitude
arising out of exchange of neutral Higgs Bosons considerably enhances
the decay of Bs into l
+l−. In some region of parameter space, the
enhancement is more than two orders of magnitude, bringing it well
within experimental possibilities in the near future.
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Flavor changing neutral current (FCNC) decays of the neutral B-mesons
, B0 and B0s provide unique testing grounds of the Standard Model (SM)
improved by QCD-corrections via the operator product expansions[1]. Dur-
ing the last few years, considerable theoretical attention has therefore been
focussed on decays like B → K∗ γ, B → Xs γ, B → Xd l+ l−, Bs → γ γ
and Bs → γl+ l− in view of the planned experiments at B-factories, which are
likely to measure branching fractions as low as 10−8[1]. The calculations of
the branching ratios of FCNC B-decay processes are sensitive to new physics
beyond SM.In particular calculations based on Minimal Supersymmetric ex-
tension of the Standard Model (MSSM) for many of FCNC processes have
been done[2],[3].Nothing spectacularly different from SM happens to the the-
oretical predictions but sizable changes in the branching ratios can occur for
some regions of the parameter space in MSSM [2],[3].
The MSSM and in general any two Higgs-doublet model has in addition to
the unknown masses of the new particle content over and above SM, the ratio
of the vacuum expectation values of the two neutral Higgs fields, tanβ =
v2/v2, as parameters [4]. From available data , on can only constrain the
parameter space within certain regions and typically tanβ can be constrained
to be tanβ ≤ 50, i.e. it can be large [2],[3].
In some recent works[5], it has been pointed out that the processes B →
Xs τ
+ τ− and B → Xs µ+ µ− provide unique opportunities to distinguish
SUSY models with large tanβ. Exchange of Neutral Higgs Boson(NHB) gives
rise to new amplitude which were negligible in SM but which for large
tanβ can enhance these processes by as much as 200%. The purpose of
this note is to show that in SUSY-models with large tanβ NHB exchange
contributions causes a sizable enhancement of processes like Bs → µ+µ−, as
much as by two orders of magnitude in some allowed region of parameter
space.
Let us start by recalling the result for Bs → µ+µ− in QCD-improved
Standard Model[6]. The effective Hamiltonian describing this process is :
Heff = αGF√
2π
λ
[
Ceff9 (s¯ γ
µ PL b)(l¯ γ
µ l)
+ C10 (s¯ γ
µ PL b)(l¯ γ
µ γ5 l)
+
2C7mb
p2
(s¯ 6p γµ PR b)(l¯ γµ γ5 l)
]
(1)
with λ ≡ Vtb V ∗ts , PL,R = 12 (1 ∓ γ5) and p = p+ + p−, the sum of the
2
momentum of µ+ and µ−. C7(mb), C
eff
9 (mb) and C10(mb) are the Wilson
Co-efficients, whose values are given by Misiak [8].Since we are considering
Bs , the matrix element of Heff is to be taken between vacuum and |B0s〉
state. This can be expressed in terms of the B0s decay constant fBs [7].
〈0 | s¯ γµ γ5 b |B0s 〉 = −fBspµB (2)
〈0 |s¯ γ5 b|B0s 〉 = −fBsmBs (3)
and
〈0| s¯ σµν PR b |B0s 〉 = 0 (4)
Since pµB = p
µ
+ + p
µ
−, the C9 term in eqn(1) gives zero on contraction with
the lepton bilinear, C7 gives zero by (4) and the remaining C10 term gets a
factor of 2 ml.
Thus
〈0|Heff |Bs〉 = αGF√
2π
λ
1
2
fBsC10p
µ
B l¯γµγ5l
=
αGF√
2π
λfBs(C10ml) (l¯γ5l) (5)
Decay rate of Bs → µ+ µ− is
Γ(Bs → l+ l−) = α
2G2Ff
2
BsmBsm
2
l
16π3
|VtbV ∗ts|2 C210 (6)
The presence of the factor m2l makes (6) almost vanish for e
+e− and give rise
to a small Branching ratio of 2.6× 10−9 for µ+µ−.
Consider now the MSSM. l+ l− production via the neutral Higgs bosons
give rise to additional amplitudes and these become important for large
tanβ [5].The neutral Higgs bosons coupling to b-quark and l+ proportional
to mbtanβ and mltanβ respectively for large tanβ [4]. As pointed out in
[5] mltanβ can be large ∼ mb or more. In addition, as has been pointed
out in [5], the b → s transition via chargino-stop loop gives rise to another
tanβ factor, so that the b → s l+ l− amplitude goes like mbml(tanβ)3 for
large tanβ. Thus these additional amplitude effectively do not suffer from
the ml suppression of expression (6).The additional diagrams can be taken
care of through and additional effective Hamiltonian[5]
HNHBeff =
αGF√
2π
λ [ CQ1 (s¯ PR b)(l¯ l) + CQ2 (s¯ PR b)(l¯ γ5 l) ] (7)
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The co-efficients CQ1,CQ2 are Wilson co-efficients.There values at MW scale
can be calculated by evaluating the Feynman diagrams of NHBs contribu-
tions. The result is [5]
CQ1(mW ) =
mbmµ
4m2h0sin
2θW
tan2β{(sin2α + hcos2α)[ 1
xWt
(f1(xHt)− f1(xWt))
+
√
2
2∑
i=1
mχi
mW
Ui2
cosβ
(−Vi1f1(xχ1q˜) +
2∑
k=1
Λ(i, k)Tk1f1(xχ1 t˜k))
+ (1 +
m2H±
m2W
)f2(xHt, xWt)]− m
2
h0
m2W
f2(xHt, xWt)
+ 2
2∑
ii′
(B1(i, i
′)Γ1(i, i
′) + A1(i, i
′)Γ2(i, i
′))} (8)
CQ2(mW ) = −
mbmµ
4m2A0sin
2θW
tan2β{[ 1
xWt
(f1(xHt)− f1(xWt)) + 2f2(xHt, xWt)
+
√
2
2∑
i=1
mχi
mW
Ui2
cosβ
(−Vi1f1(xχ1q˜) +
2∑
k=1
Λ(i, k)Tk1f1(xχ1 t˜k))
+ 2
2∑
ii′
(−Ui′2Vi1Γ1(i, i′) + U∗i2V ∗i′1Γ2(i, i′))} (9)
where
B1(i, i
′) = (−1
2
Ui′1Vi2sin2α(1− h) + Ui′2Vi1(sin2α + hcos2α))
A1(i, i
′) = (−1
2
U∗i1V
∗
i′2sin2α(1− h) + U∗i2V ∗i′1(sin2α + hcos2α))
Γ1(i, i
′) = mχimχi′Ui2(−
1
m˜2
f2(xχi,q˜, xχi′ q˜)Vi′1 +
2∑
k=1
1
m2
t˜k
Λ(i′, k)Tk1f2(xχi t˜k))
Γ2(i, i
′) = Ui2(−f2(xχi,q˜, xχi′ q˜)Vi′1 +
2∑
k=1
Λ(i′, k)Tk1f2(xχi t˜k))
Λ(i, k) = Vi1Tk1 − Vi2Tk2 mt√
2mW sinβ
f1(xij) = 1− xij
xij − 1 lnxij + lnxWj
f2(x, y) =
1
x− y (
x
x− 1 lnx−
y
y − 1 lny)
xij = m
2
i /m
2
j ; xWj = m
2
W/m
2
j (10)
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In (8),(9), the various m’s represent the masses of the corresponding particle
and h = m2h0/m
2
H0
. U and V represent the matrices which diagonalises the
chargino masses. T is the matrix used for diagonalisation of stop mass matrix.
m˜ is the average mass of the first two generation of squarks. Starting with
CQi(mW ), there values at a scale mb can be evaluated by solving the RGE
equations.The result is
CQi(mb) = η
−γQi/β0CQi(MW ) (11)
where η = αs(mb)
αs(MW )
≈ 1.8,γQ = −4 and β = 11− (2/3)nf = 9 [9]
Taking the matrix elements of (7) between vacuum and |B0s〉 as before,
we see in effect that CQ1 and CQ2 enter multiplied by mBs unlike C10 in (6)
which entered as mlC10. For large tanβ thus, the decay Bs → µ+ µ− will
be dominated by (7) and we get :
ΓSUSY (Bs → µ+ µ−) = α
2G2Ff
2
BsmBs
16π3
|VtbV ∗ts|2
[
C2Q1m
2
Bs
4
+(mµC10 +
mBs
2
CQ2)
2
]
(12)
The co-efficient C10 in (12) has been evaluated in NLO approximation by
Misiak [8] in SM.We use his value since SUSY contributions are expected to
change this value only slightly and also because in the region of large tanβ,
the RHS of (12) will be dominated by the CQ1, CQ2 term. As we can see
from (8)-(11) the co-efficients CQ1 and CQ2 depend, in addition to SM pa-
rameters,to the MSSM parameters.The most economical version of MSSM is
the one where the spontaneous breaking of SU(2)
⊗
U(1) is achieved through
radiative effects. Further at Unification scale of MGUT (∼ 1016 GeV) scalars
have a common soft breaking mass term m and Gauginos also have a unified
soft breaking mass M.Thus at scale MGUT ,MSSM in addition of SM parame-
ters have five parameters : m,M, the ratio of the vacuum expectation values
of the two Higgs fields tanβ, the trilinear soft breaking scalar term coefficient
A and the bilinear soft breaking term coefficient B.The values of these pa-
rameters at scale ∼ mb relevant to us can be related to their values at MGUT
through RGE which has been extensively discussed in literature [2],[12].As
pointed out in [14] to suppress the large contribution to K0 − K¯0 mixing it
is sufficient to require degeneracy of the soft SUSY breaking mass in squark
sector.Thus, the strict universality of all scalar masses is not necessarily re-
quired in context of SUGRA model. We thus consider in our estimate of
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study Bs → µ+µ− ,in regions of parameter space where the condition of
universality of scalar masses is relaxed.
The parameter space of MSSM is constrained by several pieces of known
experimental results, the W±, Z one loop mass corrections, (g - 2) of the µ
meson and most importantly by the lower and upper bounds to b→ sγ decay
rate [13] :
B(b→ sγ) = (0.6− 5.4)× 10−4
MSSM parameter space in this context has been extensively analyzed by
Lopez et.al [10],Goto et.al [14]. We present in Fig(3) the rate of ΓSUSY (Bs →
µ+µ−) (12) relative to their SM values for some of the allowed region of
the parameter space for large values of tanβ in SUGRA model where the
universality of scalar masses in SUGRA model is relaxed. The SM branching
ratio of Bs → µ+µ− is 2.6 × 10−9, so for large values of tanβ the branching
ratio can be as large as ∼ 10−6.This is well within the experimental reach of
the B-factories expected soon.The Bs → µ+µ− observation or otherwise will
thus serve as a very useful constraint on the parameter space of MSSM.
We present the result of SUGRA model in which we are assuming the
universality of scalr masses in Fig(4) We also present the result of a more
predictive class of Supergravity (SUGRA) theories : the Moduli (or No-
scale) scenario ( m = A = 0 at unification scale) and the dilaton scenario
(m = M/
√
3, A = −1) in Fig(4).We see that with the allowed choice of
parameters the Bs → µ+µ− rate depend crucially on the value of the Higgs
scalars and pseudo-scalars.For low values of those masses with not too small
splitting of the stops, the rate can be enhanced by more than two orders
of magnitude (Fig 3). Thus Bs → µ+µ− data together with estimates of
masses of superpartners will be very useful in cross-checking these models
with experimental results.
We next turn to the decay Bs → l+ l− γ, which was studied in the frame-
work of QCD corrected effective SM Hamiltonian by Eilam et.al.[11]. As
is pointed out there , the radiative process unlike the non-radiative chan-
nel does not face the helicity suppression factor proportional to ml.The net
result that one ends up is paradoxical in that the Branching ratio for the
radiative mode turns out to be higher than the one for the non-radiative
mode notwithstanding the fact that the former has an extra factor of α.
This is very easily seen by considering the set of graphs where the photon
line is hooked on to the various external lines of the non-radiative decay pro-
cess.Graphs when the photon line is hooked on to the lepton gets a factor
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of ml and so can be ignored. The two graphs with the photon hooked on
to the b and s quark give rise to the following amplitude for the process
Bs(pBs)→ γ(pγ) + l+(p+) + l−(p−) [11]
A(Bs → l+ l− γ) = α GF√
2π
λǫν
[
s¯ [γν
6pγ− 6ps +ms
−2ps.pγ γ
µ PL. Qs
+ PR γ
µ 6pb− 6pγ +mb
−2pb.pγ Qb] b [C
eff
9 l¯ γµ l + C10 l¯ γµ γ5 l]
+
2C7ms
p2
[PR 6p γµ 6pb− 6pγ +mb−2pb.pγ γ
ν Qb
+ γν
6pγ− 6ps +ms
−2ps.pγ 6p γ
µ PR Qs] b [l¯ γµ l]
]
(13)
In (13) Qs, Qb are the charges of b and s quarks , pb and ps respectively
represent the momentum of the b and s quark inside the B0s and in the
constituent quark model can be written as pb,s =
mb,s
mBs
pBs .The fact that
ms ≪ mb allows one to retain only the leading term in (ms/mb) in eqn(13)
and gives to the amplitude:
A(Bs → l+ l− γ) ≃ e αGFfBsλ
12
√
2π[ ms
mb
(pB.pγ)]
[pνB{(pγ)µǫν − (pγ)νǫµ}
+ iǫναµβ(pγ)α(pB)β ]
[ (C9 − 2C7m
2
Bs
p2
)(l¯ γµ l) + C10(l¯ γµ γ5 l) ] (14)
Where once again we have used eqns(2),(3),(4).Using the values of C9, C7
and C10 the Branching ratio into the B
0
s → µ+µ−γ mode is estimated at
4.6× 10−9 [11] , almost twice the branching ratio of B0s → µ+µ−.
Let us now examine the effect of the NHB exchange diagram in SUSY
models on the amplitude A(Bs → l+l−γ).The contribution can be written in
terms of CQ1 and CQ2 terms. So A(Bs → l+ l− γ) is :
ANHB(Bs → l+l−γ) ≃ αGF
12
√
2π
fBsλǫν s¯ [γ
ν 6pγ
ms
mb
pB.pγ
.PR ] b
[CQ1(l¯l) + CQ2(l¯γ5l)] (15)
where we have made the same approximations as in deriving eqn(14) i.e.
retaining only the leading power of (ms/mb).
7
However :
ǫν〈0|s¯γν 6pγPRb|B0s〉 =
1
2
ǫνp
ν 〈0|s¯PRb|B0s〉
+
1
2
ǫνp
µ
γ 〈0|s¯[γν , γµ]PRb|B0s 〉
= 0 (16)
from eqns.(2) and the transversality condition for real photon ǫνp
ν
γ = 0.
Thus,the NHB terms are negligible even for large tanβ co-efficients C9 and
C10 do not change much in MSSM. Changes in C7 in SUSY are constrained
by b → sγ data.This change too is less than a factor of two.Thus the SM
estimate of (14) effectively still holds in MSSM also.
We thus can have a change in the pattern of conclusion of [11] when the
Neutral Higgs Boson contribution are included with the large tanβdepending
upon SUSY and most importantly upon the values of Higgs masses and
tanβ.The radiative mode B0s → l+l−γ branching ratio stay put at about
4.6 × 10−9, whereas the non-radiative(suppressed earlier without NHB) can
jump by a factor of the order ∼ 102 to a value ∼ 10−7.With the flux of B0s
expected to go up to observe such branching ratios, one thus has a concrete
and interesting situation to test SUSY-models with large tanβ in studying
the radiative and non-radiative dileptonic decays of B0s
References
[1] For a recent review and complete set of refrences see A.Ali, DESY
7-192,hep-ph/9709507
[2] S.Bertolini et.al. Nucl. Phys. B 353,(1991)591;
R.Barbieri and G.F.Giudice Phys. Lett. B 309,(1993),86;
P.Cho,M.Misiak and D.Wyler Phys. Rev. D 54,(1996)3329;
B.Ananthanarayanan,G.Lazarides and Q.Shafi Phys. Rev.D
44(1991)1613
[3] J.L.Hewett and J.D.Wells Phys. Rev. D 55,(1997)5549
[4] See e.g. J.F.Gunion, H.E.Haber,G.Kane and S.Dawson The
Higgs Hunter Guide Addison-Wisley (1990)
8
[5] Y.-B. Dai et.al Phys. Lett.B 390,(1997)257; S.-S.Huang and
Qi-Shu Yan hep-ph/9803366 C.-S.Huang,W.Liao and Q.-S. Yan
Phys. Rev.D 59(1999)011701
[6] A.Ali in B-decays,editor : S.Stone (World Scientific,Singapore)
[7] G.-L.Lin,J.Lin and Y.P.Yao Phys. Rev.D 42,(1990)2314
[8] M. Misiak Nucl. Phys. B 439(1993),461 (E)
[9] C.S.Huang Comm. Theor. Phys. 2(1983)1265
[10] J.L.Lopez,D.V.Nanopoulos,Xu Wang and A.Zichichi Phys.Rev.
D 51(1995) 147,J.L.Lopez,D.V.Nanopoulos and A.Zichichi Phys.
Rev. D 49 (1994) 343
[11] G.Eilam,C.-D.Lu and D.-X.Zhang Phys. Lett.B 391,(1997)461
[12] A.B.Lahanas and D.V.Nanopoulos Phys. Rep.145(1987)1
[13] CLEO collaboration, R.Ammar et.al. Phys.Rev.Lett.71(1993)674
[14] T.Goto,Y.Okada and Y. Shimizu Phys. Rev.D 58(1998)094006
9
FIGURE CAPTIONS
Figure 1 : Wilson coefficient CQ1 as a function of light chargino mass in
SUGRA model without nonuniversality of scalar masses (pseudo-scalar higgs
mass is taken to be in range 80 < mA < 700), m = M, A = - 1/2.
Figure 2 : Wilson coefficient CQ2 as a function of light chargino masses in
SUGRA model without nonuniversality of scalar masses with same parame-
ters as above.Parameters are 80 < mA < 700, m =M,A = −1/2
Figure 3 : Ratio of ΓSUSY /ΓSM (SUSY rate normalized to SM rate) as a
function of light chargino mass in SUGRA model without nonuniversality of
scalar masses.Parameters are 80 < mA < 700, m =M,A = −1/2
Figure 4 : ΓSUSY /ΓSM as a function of light chargino mass in
(a) Dilaton (m = M/
√
3 , A = - 1)
(b) SUGRA ( m = M , A = - 1/2 )
(c) Moduli ( m = A = 0)
Points with dots (.) are consistent with allowed parameter space whereas
points marked with plusses (+) are those excluded by our choice of parame-
ter space (including b→ sγ constraints).
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